Rupture Pin 
Technology 


TABLE OF CONTENTS 
SI MMARY OF RESEARCH 1-2 
INVENTIONS FINAL REPORT J 




Rupture Pin 
Technology 

NASA COOPERATIVE AGREEMENT NNS04AB34A 
SUMMARY OF RESEARCH 

Final Report - 8” Reflange inlet and two 6” 600# flange outlets relief valve description 
and specifications. 

Reason for the project: In the past, an Anderson Greenwood (AG) pilot operated relief 
valve was used to protect the E-l rocket engine test facility. It was found that the AG 
valve is destroyed and discharges internal parts at a great velocity on opening. This is a 
major safety and cost issue. 

The solution is a relief valve to match present Anderson Greenwood pilot valve A & B 
dimensions. The valve is to use a precise buckling pin obeying Euler’s Law to act as the 
pressure sensor and actuator. The valve must not self destruct on opening. 

The steps to reach a successful valve design were as follows: 

1. August 5, 2004. Mr. Bruce Famer and Mr Haynes Haselmaier Sr. visited the Rupture 
Pin Technology plant in Oklahoma City. The principal of the Buckling Pin was 
demonstrated and test procedures reviewed. 

2. September 8, 2004. A 2” high pressure valve with a single outlet was tested. The 
valve was set with water. When the valve was demonstrated November 19, 2004 with 
high pressure Nitrogen at the Stennis NASA laboratory the valve failed when it opened. 
The piston hit the internal stop and coined it into the piston, locking it in an open 
position. We realized that only an air test would give valid results. 

3. January 26, 2005. Using a forged body, we built a second 2” valve for a high pressure 
test in Oklahoma City. For testing, we first charged the test stand with 2500 PSI air and 
intensified the air to set pressure by pumping water into the base of the test stand. To 
cushion the rapidly moving piston on opening we put oil at the end of the piston travel. 
The oil is forced out a 1/8” orifice to slow the piston before reaching the stop. Air test 
verified this as a solution. In this test series however, failure of piston seals using a wide 
variety of seals was found to be a design weakness. Another weakness of this design was 
the extreme reaction force from the valve discharge on opening. This could have been 
eliminated with a tee at the outlet. This would have been a solution, but could not meet 
the required A and B dimensions. 

4. March 3, 2005. Working with a concept by Mr. Bruce Famer, we redesigned the 
valve using a forged steel body with one 2” inlet and two 2” inline outlets at 90 
degree to the inlet. The piston dead ended into a sealed chamber. The valve 
worked well with no reaction force, however the piston seal was destroyed with 
every discharge. 
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5. May 5 & 6, 2005 To prevent trapped air from trying to reseat the valve Mr. Bruce 
Famer proposed charging the rod end of the cylinder. This concept was modified 
with a disc check valve on the piston. It was felt that for the NASA application changing 
seals after each opening would not be a major design weakness. The advantage would 
be that the valve could be designed to the exact dimensions of the AG valve using the 
same inlet and outlet connections. After design approval the final design was made, 
using 316 SS construction with a 17-4 SS piston to prevent galling and a 9D aluminum 
bronze piston stem seal cap. The valve was designed to accommodate two pressure 
settings 8,100 PSI and 9,000 PSI. This was done by changing the pin length using two 
spacer sets, red spacers for the high setting and blue spacers for the lower setting. The 
valve worked well and the design was finalized. Test still showed that to be completely 
successful the seal problem must be solved. We have contacted over five seal 
manufacturers but have found none willing to make special designs to solve our problem 
if it is not in their product line due to our limited market. Two suppliers will machine 
Teflon seals to our prints. Rupture Pin Technology Inc. can solve the seal problem by 
trying new seal designs and air testing. 
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SUBJECT : INVENTIONS FINAL REPORT 

The basic design feature of partially balancing the inlet pressure by applying inlet 
pressure above the piston on the rod end so the axial force on the pin is equal to the 
upstream pressure times the stem area is not covered exactly by US patent numbers 
5,273,065; 5,297,575 or 5,348,039. However this balance method has been used 
extensively in the past see print 87-006021. The use of the check valve seal disc on the 
piston, (see final assembly drawing 87-057304 item #9) whether biased by gravity or a 
light spring to a closed position to present a restricted pathway for air trapped behind the 
piston on opening, to cushion the piston, may be unique. It is expected that a unique seal 
solution for the piston seal problem when found, would be a patentable design since 
presently available design solutions have failed. 
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A pressure relief valve for monitoring pressure in rela- 
tively large diameter conductors containing relatively 
hi£h fluid pressure. The valve having housing openings 
of equal diameter with respect to the conductor and a 
flow passageway is provided with different diameter 
coaxial sleeves slidably receiving dual diameter inter- 
connected pistons. The smaller diameter piston forms a 
flow passageway stop while the larger diameter piston 
generates a pressure differential with respect to the 
smaller diameter piston for moving both pistons toward 
a flow passageway open position in which a piston rod 
guides the pistons in their axial movement with respect 
to the sleeves and collapses a pressure collapsible pin 
supported by a pin cage connected with the valve body 
in axial alignment with the piston rod for opening the 
valve passageway and releasing fluid pressure from the 
conductor. 

10 Gaims, 2 Drawing Sheets 
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[57] ABSTRACT 

An in-line high pressure fluid release valve is formed by 
a valve body having a cylinder and having a transverse 
opening forming a fluid passageway interposed in a 
fluid conductor. A piston normally closing the fluid 
passageway and having a fluid passageway size trans- 
verse opening is guided to prevent angular rotation 
during longitudinal sliding movement in the cylinder by 
a piston rod and a cylinder wall supported guide rod 
projecting into a piston wall slot for mating and mismat- 
ing the piston opening with the flow passageway. A pin 
cage connected with the piston rod end of the cylinder 
axially supports a collapsible pin normally biasing the 
piston to a fluid passageway closed position until up- 
stream fluid pressure of a predetermined value chan- 
neled through a cylinder wall fluid bypass at the piston 
end opposite the piston rod to bias the piston toward a 
passageway open position for releasing fluid pressure 
downstream. A fluid bypass check valve holds fluid 
under pressure in the piston cavity and against the pis- 
ton end opposite its rod to insure full travel of the piston 
for axially aligning its opening with the fluid passage- 
way. 
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[57] ABSTRACT 

A pressure relief valve for monitoring pressure in rela- 
tively large diameter conductors containing relatively 
high fluid pressure. The valve having housing openings 
of equal diameter with respect to the conductor and a 
flow passageway provided with different diameter co- 
axial sleeves slidably receiving interconnected dual 
diameter pistons. The smaller diameter piston forms a 
flow passageway stop while the larger diameter piston 
generates a pressure differential with respect to the 
smaller diameter piston for moving both pistons toward 
a flow passageway open position in which a piston rod 
guides the pistons in their axial movement with respect 
to the sleeves and collapses a pressure collapsible pin 
supported by a pin cage connected with the valve body 
in axial alignment with the piston rod for opening the 
valve passageway and releasing fluid pressure from the 
conductor. The larger diameter piston is apertured to 
admit downstream fluid pressure to its low pressure 
side. The piston rod diameter is selected to equal the 
difference in cross sectional area of the piston surfaces 
exposed to downstream fluid thereby completely bal- 
ancing the pistons with respect to downstream fluid 
pressure. 

15 Claims, 2 Drawing Sheets 
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